Electrophysiological studies with atrial extrastimulus technique suggested the presence of dual atrioventricular (A-V) nodal pathways in a patient with hypothyroidism, as evidenced by a sudden increase of H,-H2 intervals at critical A,-A2 coupling intervals. Following the atrial extrastimulus (A2), a third impulse (A3) occurred spontaneously. During slow pathway conduction of A2, an A3, appearing at a critically timed interval allowed fast pathway conduction, resulting in an earlier than expected QRS ( a form of supernormal conduction). This demonstration of fast pathway conduction during slow pathway conduction adds strong evidence for the existence of dual A-V nodal pathways.
tachycardia. Electrocardiograms revealed first degree A-V block (P-R of 0.22 see), complete right bundle branch block, and left axis deviation (-135°). Electrophysiological studies were performed because of intraventricular conduction defect.
Electrophysiologic Studies
Informed consent was obtained. A quadripolar catheter (1 cm interelectrode distance) was introduced through the right femoral vein and positioned in the high right atrium (HRA) for recording and atrial stimulation. A tripolar catheter was positioned across the tricuspid valve for recording of His bundle electrograms.4 Refractory periods were measured by the atrial extrastimulus technique.5 Si, HRA1, A, and H, denote the driving stimulus, and the corresponding high right atrial, low right atrial, and His bundle electrograms, respectively. HRA2, A2, and H2 denote the responses to an extrastimulus (S2) delivered at decreasing coupling intervals. S3 was an additional extrastimulus delivered after S2. HRA3 and A3 were used to denote responses to S3 or spontaneous atrial premature responses occurring after A2, respectively. HRA4 was used to denote another atrial impulse after A3.
The sinus rate was 73 beats/min, with the following conduction intervals: P-A = 61 msee; A-H = 110 msec; and H-V = 95 msee. Atrial pacing at rates from 80 to 120 beats/ min increased the A-H interval to 175 msec. Atrioventricular nodal Wenckebach periods were noted at a paced heart rate of 130 beats/min. Extrastimuli were coupled to a driven rhythm with a cycle length of 667 msec.
The plot of A,-A2, H,-H2 and A,-A2, A2-H2 intervals is shown in figure 1 . As A,-A2 decreased from 670 to 480 msee, A2-H2 increased from 150 to 200 msec (figs. 1 (right) and 2A). At a coupling interval of 470 msec or less, a sudden increase in H,-H2 (and A2-H2) occurred (figs. 1 
and 2B).
Further decrease in Ar-A2 resulted in further prolongation of A2-H2 until, at a critical A2-H2 interval, A-V nodal re-entry occurred ( fig. 2C ). 811 Two curves were defined, suggesting dual A-V nodal pathways.`The fast pathway curve is on the right, and the slow pathway curve on the left ( fig. 1 ). Echo beats were elicited when the premature atrial beat was conducted via the slow pathway with a critically prolonged A2-H2. Thus, a clearly defined A-V nodal echo zone could be delineated coinciding with a portion of the slow pathway curve.
At close A,-A, coupling intervals of 340 to 390 msec, early premature atrial responses (A3 ) were sometimes noted. These were characterized by short A,-A3 intervals (350 to 405 msec), and an abnormal sequence of atrial activation (low and high atrial electrograms recorded simultaneously). These were most likely due to atrial re-entrance, or sinus node re-entrance with an altered atrial activation sequence.6
The occurrence of spontaneous A3 might relate to the prolonged P-A interval. Whenever A3 occurred, H,-H2 was consistently shorter when compared to similar H,-H2 without intervening A3. An example is shown in figure 3 . At an A,-A2 of 385 msec, A2-H2 was 660 msec ( and His bundle) is already engaged and is refractory to the delayed slow pathway impulse. However, summation of A3 and A3 could possibly occur with dual A-V nodal pathways, allowing A3 to"catch up' to A3 and shorten A-V nodal conduction. Further support for the presence of dual pathways was provided by using a third extrastimulus (S3). S,-S2 coupling interval was constant at 390 msec in the three panels of figure 4. In figure 4A , A2 was conducted through the slow pathway with an A2-H2 interval of 640 msec, and H,-H2of 880 msec. S3 was introduced 670 msec after S2 and was conducted to the ventricles via the slow pathway with a conduc- figure 4A , indicating that in both panels (HRA3 in figure 4A , and HRA4 in figure 4C ), the impulse was conducted via the slow pathway. In panel C, the slow pathway was utilized because of antegrade refractoriness of the fast pathway, the A3-HRA4 of 315 msec being less than the fast pathway effective refractory period. It should also be noted that previous fast pathway conduction did not affect subsequent slow pathway conduction.
An alternate explanation to these findings can be postulated by assuming that the long H,-H2 intervals represent junctional escape beats following a blocked A2, rather than slow pathway conduction times. If A2 was blocked in HBEA the sturface electrocardiogram'; 2) occurrence of A-V nodal re-entrant echo leats wxith or ithout paroxvsmal \V\ ndclal re-entrant tachycardia2' 3; 3) atvpical Wenckehach periods.2 \IenM t atind coworkers7 studied the effect of premature atrial stimutilatior uipon the ventricuilar echio phlenomenon in the canin,e heart. NVentricular echo responses were obtained, xxith prematuire stimtilation of the llis bundle at critical H1-HI intervals. If the atrium was prematurely stimuilated prior to the arrixval of retrograde A2, the prematuire atrial extrastimulus wx'as conducted to the ventricle xxvith a relativelv short A-1l initerval, arrivinig at the ventricles Iefore the occurrence of the expected ventricuilar echeo, inidlicating that the prematuire atrial stimuilus xas cliclnictedl to the ventricles throuigh a pathvav 85 9C20 A ---`--...
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-560 V Figure 3 . In a subseqluent study in the opened-heart dog, Moe et al. demonstrated that conduction time of a premature atrial stimulus (AN2V) was shortened by the occurrence of a third atrial response (A3).8 They suggested that A3 traversed a pathway that had not been entered by A2, since it was hardly likely that A3 produced a supernormal pathway for the preceding response.
Thus, Moe et al. postulated that longitudinal dissociation of the A-V node could produce apparent supernormal conduction.9' 10 In the present report, dual A-V nodal pathways were suggested from experiments made with the atrial extra-stimtulus technique. At a critical A1-A2 (fast pathway effective refractory period), the A,-H1 suddenly lengthened (slow pathway conduction time).
At a critical A2-H2, A-V nodal re-entry became apparent. A, was blocked in the fast pathway and conducted antegradely through the slow pathway. The slow pathway conduction time (critical A2-H2) allowed for recovery of the fast pathway for retrograde conduction. At an A1-A2 interval less than the fast pathway effective refractory period, A2 conducted via the slow pathway. Occurrence of a spontaneous atrial premature beat (A,) demonstrated that during slow pathway conduction, the atrial impulse could simultaneously conduct through the fast pathway, pre-empting control of the ventricle. This demonstration of dual pathways resembled somewhat the previous demonstration of Mendez et al.', and was identical to the previous demonstration of Moe et al.8 This demonstration of unexpected shortening of A-V nodal conduction time with A3 can be considered a form of "supernormal conduction.' The mechanism appears to reflect longitudinal dissociation of the A-V rnode, i.e., the existence of dual pathways.
